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TOI UU BIEU THUC DIEU KIEN TiM KIEM TRONG CAC TRUY VAN DOI
TUGNG SU DUNG CAC CHi MUC LONG

TRUONG NGOC CHAU', DOAN VAN BAN?

Y Truong Pai hoc Bach khoa, Pai hoc Da Néing
2Vien Cong nghé Thong tin

Tém tét. Trong cac co sé dit lieu (CSDL) 16n néi chung va CSDL huéng déi tugng (HDT) néi rieng,
céc truy van trén né thuong chita biéu thitc diéu kien tim kiém gom céc phép hoi va tuyén phic tap.
Bai bao nghién ctu va dé xuat cach tdi wu biéu thiic diéu kién tim kiém phiic tap, trong dé c6 chia
cac biéu thiic dudng dan sit dung cac chi muc 1ong.

Abstract. In large databases in general and Object-Oriented Database in particular, the queries on
databases often contain conditional expression finding including complicated conjunctions and dis-
junctions. This article proposes optimization technique for complicated finding conditional expression
contained path expressions using nested indexes.

1. GIOI THIEU

Dé t6i utu héa truy van tren CSDL HDT c6 rat nhiéu huéng tiép can khac nhau, nhung
tuu chung c6 thé chia lam hai miic la mic logic va miic vat 1.

T6i wu héa & miic 1ogic chii yéu tap trung vao viée bién doéi ngit nghia nhim xay dung cac
luge do thyc thi ¢6 chi phi thap nhéat c6 thé. Mot van dé quan trong trong bai toan tdi wu
truy van tong quat 1a t6i wu cac biéu thiic duong dan. Trong [4] da trinh bay phuong phap
t6i uu cac bicu thitc dudng dan chita trong bicu thitc diéu kién tim kiém dang hoi hodic tuyén
mot cach tdng quét, va phuong phép nay khong st dung bat ky chi muc nao trén céc biéu
thitc duong dan.

Tuong t t6i wu hoa & mic logic, t6i uu & miic vat Iy cht yéu tap trung vao chi phi luu
trit va chi phi nhap, xuat déi tugng. Cac tac gia trong [2] da dé xuat giai phap luu trit cac déi
tuong trén bo nhé thit cap nham nang cao hiéu suat truy cap.

Mot van dé khac trong téi uu truy van déi tuong it duge quan tam la t6i wu cac biéu
thitc diéu kién tim kiém phiic tap, trong dé c6 chita cac bicu thitc duong dan. Nhém tac gia
Wan-sup Cho [7] da dé xuat giai phap t6i wu cac biéu thitc dudng dan, gom cac 16p doi tugng
dua trén céc chi muc duong dan trong biéu thitc didu kién tim kiém, nhung chi giéi han d6i
v6i bicéu thiic diéu kién chita céc vi tit ndi v6i nhau bang phép AND. Mot tiép can khac ctia
nhém tac gid Surajit Chaudhuri [5] 14 dua ra gidi phap t6i wu biéu thiic diéu kién phic tap
trén cac truy van quan hé dua vao luge do hop, giao cac chi muc. Nhung phuong phap nay
chua xay dung duge mot luge dd xit Iy tong quét cho bicu thitc didu kien bat ky.

Tit nhan xét trén, ching t6i da nghién cttu v dé xuat gidi phap toi wu cac bicu thite diéu
kien tim kiém trong CSDL HDT mot cach tong quat hon, trong né cé chiia cac biéu thiic
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duong dan véi cac chi muc long tuong ting.

Noi dung con lai ctia bai bdo dude t6 chiic nhu sau: Muc 2 trinh bay mot sé khéi niem co
s lien quan trong bai bao; Muc 3 mo ta cic tham s6 lien quan dén mo hinh chi phi clia cac
thao tac truy cap, hop va giao chi muc long; Muc 4 dé xuat gidi phap téi wu biéu thitc didu
kién tim kiém phiic tap bang cich viét lai, phan tich cac chi phi truy cap va duyét chi muc,
sau dé dé xuat cach to chitc lai chi muc long va cudi ciing 1 két luan.

2. MOT SO KHAI NIEM CO SO

2.1. Biéu thitc dudng dan va chi muc 1ong

Trong cac diéu kién tim kiém ctia truy van trén mot 16p c6 thé duge biéu dién béi day két
hop ciia céc vi tit 1ong ¢6 dang <biéu thic dudng dan> <toan ti> <gia tri>. Mot
van dé quan trong trong viéc hd trg cac truy van trong cac CSDL HDT la lam cach nao dé
u6e lugng hieu qua cic truy van lien quan dén cac vi tit long.

Dinh nghia 2.1. 0;.4;...4,, 14 mot bic¢u thic dudng dan két hop véi céc 16p Cy, Cs, ..., Cp
néu o 1a ddi tuong thuoc 16p C7 va A; 1a thuoe tinh ctia 16p C;, ma mién gia tri ctia A; co
thé 13 mot dinh danh déi tuong, déi tugng, suu tap cac dinh danh déi tugng hay déi tuong
thudc 16p Cijy1, v6ii=1,2,...,n— 1.

Mot 16p c6 thé c6 nhi¢u dusng dan bit dau tit n6 va lép nay goi la 16p gdc. Trong bai nay
chiing t6i chi xét biéu thitc diéu kien tim kiém chiia cac biéu thitc dudsng dan c6 cting 16p goc.

Dinh nghia 2.2. Cho biéu thitc dusng dan P = C1.A41.A,.....A,, mot chi muc long (NI:
Nested Index) tréen P dugc dinh nghia 1a tap gom tat ca cac bo (o, s), trong d6: s =
{0'|3(01, ..., 0) 1& mot thé hien ctia P, véi o' = 01 vA 0 = 0,}, phan tit o clia bo (o, s)
goi 1a khoa (key) cuia chi muc.

Chi muc 1ong cung cap mot két hop tryc tiép gitta mot ddi tugng cudi va cac doi tugng

bat dau tng v6i mot duong dan.
Vi du 2.1 Dé théng nhat trong trinh bay cac vi du minh hoa, xét CSDL sau:

define class NHANSU: define class KHOA:
type tuple( hoTen: String; type tuple( tenKhoa: String;
gioiTinh: String; truongKhoa: NHANSU;
namSinh: String; dsNganh : set(String);
) dsLop: set(LOP);
end NHANSU )
define class SINHVIEN inherits NHANSU: end KHOA
type tuple( thuocLop: LOP; define class LOP:
) type tuple( tenLop: String;
end SINHVIEN chuNhiem: NHANSU;

banCanSu: set(SINHVIEN);
khoaHoc: String;
dsSinhVien: set(SINHVIEN);
thuocKhoa: KHOA;

)
end LOP
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Chi muc 1ong dinh nghia trén duong dan K HOA.dsLop.dsSinhvien.hoTen dugc ki hi¢u
la NI(KHOA.dsLop.dsSinhvien.hoTen), 1a tap cac bo (o, s) gom hai truong sau:

- khoéa chi muc o: SINHVIEN.hoTen

- con trd s: tap cac gia tri OID cia cac doi tugng trong 16p KHOA

Néu cac chi muc long dude xay dung duya trén cac vi tit trong diéu kién tim kiém thi viec
truy cap dén cac 16p lien quan trong CSDL HDT c6 thé duge thay thé béi phép duyét
chi muc 1ong ma thoi. Vi duy, néu mot chi muc long duge dinh nghia trén duong dan:
KHOA.dsLop.dsSinhvien.hoTen thi cac 16p LOP,SINHVIEN khong can truy cap khi
duyét, dé thuc hien cac két ndi an gita ching. Tuy nhién, nhude diém ctia chi muc long 1a cap
nhat rat phtc tap va tén kém [I].

2.2. M6 hinh chi phi

Cau tric dit lisu dé mo hinh héa ciu tric chi muc 1ong 1a cau tric BT -cay [1].

Cac tham sé lién quan dén mé hinh chi phi

Cho duong dan P = C.A;.As..... Ay, céc 16p tuong tng véi duong dan P 1a {Cy, Co, ..., Cp}.
Cac tham s6 sau mo ta cic dat trung clia cac 16p va cac thuodc tinh trong viéc mo hinh hoa

chi phi [1]:

e D; s6 cac gia tri phan biét trén thuoc tinh A4;, 1 <i < n.

e N, s6 cac doi tugng cua 16p C;, 1 <@ < n.

e k; s6 trung binh céc thé hien ctia 16p C; c6 cung gia tri trén thuoc tinh A;, k; = N;/D;.

e OIDL chiéu dai dinh danh ctia déi tugng

e PS kich thuée trang

e pp chiéu dai clia mot con trd trang

e kl chicu dai trung binh clia truong key — value

e kll kich thuée cua truong key — length

e 7l kich thudc ctia truong record — length

e noid kich thude ciia truong no_oids

Chi phi truy cap chi muc [1]

Chi phi truy cap va duyét chi muc 14 chi phi doc va tim kiém danh sach cac dinh danh ddi
tuong OID tuong ting véi vi tit tim kiém ndo d6. Trong bai nay ching toi chi xét dang truy
van véi vi tit dang: key = value. Dé uéc lugng vi tit yeu cau chi can duyét mot chi muc doc
lap va c6 tong chi phi: Cédc trang khong phdi la nit la + Cdc trang nit la.

Sau day la cong thiic cho biét s6 cac trang chi muc duge truy cap dé udc lugng mot vi tir:

A=h+1 néu X < PS
A=h+X/PS néuX >PS
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trong d6, h 1a s6 cac nit khong phai 1a nit 14 can duge truy cap (h 1a chiéu cao ciia BT -cay),
X la kich thu6e trung binh cia mot ban ghi chi muc nit 1a:

X:Hk:ixOIDL—i—k:l—i—ol néu X < PS
=1

X:Hk:ixOIDL—i—k:l—i—ol—i—DS néu X > PS
1=1

voi DS =[] ] ki x OIDL + ki + ol]/PS x (OIDL + pp)
=1
ol = kll + rl + noid

Chi phi hgp, giao chi muclj]

Hop va giao 2 danh siach dinh danh déi tugng OID duge thyc hién bang thao tac bam-tron
(hash-merge). Chi phi ciia thao tac nay duge tinh mot cach tuyén tinh theo tong s6 cac dinh
danh d6i tugng OID trong cac danh danh duge giao hosic hop. Ngoai ra giao va hop chi muc
con ¢6 thé duge thiyc hién bdi thao tac sip xép-tron (sort-merge). Thao tac nay c6 chi phi
tuyén tinh theo tong s6 cac dong c6 lien quan. Vi du, néu hai danh séch dinh danh déi tugng
c6 chiéu dai l1an luge 1a Iy va I thi chi phi tron hai danh sach nay c6 thé dudge xem 1a Iy + lo.

3. TOI UU BIEU THUC PIEU KIEN TIM KIEM SU DUNG CHi MUC
LONG

3.1. Dat van dé

Khong mat tinh tong quat, chiing ta gia thiét ring moi truy van déu tra vé cac dinh danh
(OID) clia cac ddi tugng théa man dicu kien tim kiém. Sau d6, ngudi dimg c6 thé diya vao
cac dinh danh nay dé giii cac thong diép dén cac ddi tugng va nhan gia tri xac dinh tit cac
thuoc tinh hofic goi cac phuong thitc. Trong bai nay chiing toi gid thiét tat ci cac truy van
déu duge uée luong dua trén cac tép chi muc 1ong c¢6 sdn. Khi dé, viéc uée lugng stt dung cac
k¥ thuat hgp hoiic giao chi muc tuong tng véi bicu thitc dicu kieén tim kiém gdm cac phép hoi
hoiic tuyén la rat can thiét. Dac biet, ki thuat nay 1a téi wu trong trusng hop sit dung nhiéu
hon mot chi muc 1ong trén céc biéu thitc duong dan cé ciing 16p gée. Ky thuat hop hoic giao
chi muc hoat dong nhu sau: khi vi tir lien quan dén truong khoéa ctia mot chi muc dang ton
tai, danh sach cac OID clia cac bo trong tap tin chi muc thoéa man vi tit duge tim thay. Khi
c6 mot vi tir hoi (hay tuyén) nao khéc trén cac truong khoa ctia chi muc khac, ky thuat tao
ra danh sach cac OID khéc bang cach st dung chi muc thit hai, giao (hay hgp) hai danh sich
OID ta c6 duge danh sach cac OID théa man dong thoi hai vi tit da cho, va tuong ti nhu vay
cho cac vi tlr con lai.

Vi du 3.1 Xét biéu thiic diéu kién tim kiém nhu sau:

((sv.thuocLop.khoaHoc = ’2005-2010’) and (sv.thuocLop.banCanSu.gioiTinh v = 'N@’)

and (sv.thuocLop.thuocKhoa.truongKhoa.gioiTinh = 'Ni’)) or

((sv.thuocLop.khoaHoc="2005-2010") AND (sv.thuocLop.banCanSu.gioiTinh v = 'N@’)

and (sv.thuocLop.chuNhiem.namSinh = 1970))
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sv.thuocLop.khoaH oc = 2005-2010")

sv.thuocLop.banCanSu.gioiTinhy = 'N@’)

sv.thuocLop.thuocK hoa.truong K hoa.gioiT'inh = 'N@’)
sv.thuocLop.chuN hiem.namSinh = 1970)

a=(
b=(
¢ =(
d =(

14 cac vi tit long.

ot

and/\and
el e P e
a b C a b d

Hinh 3.1. Diéu kien E dué6i dang do thi

Trong biéu thiic trén c6 4 dudng dan xuat hién trong bon vi tit tuong iing ciia biéu thiic
diéu kien:

pathy = sv.thuocLop.khoaH oc

pathe = sv.thuocLop.banCanSu.gioiTinh

paths = sv.thuocLop.thuocK hoa.truong K hoa.gioiTinh

pathy = sv.thuocLop.chuN hiem.namSinh
Gia stt cd bon dudng dan pathy, paths, paths va pathy déu ton tai cac chi muc long. Khi do,
luge dd thie thi biéu thiic diéu kien E duge cho trong Hinh 311 trong ludge do nay ta thay sd
lan truy cap cac chi muc long N1(pathy) va NI(paths) lap lai 2 lan.

Mot van dé khac can duge xem xét sau khi biéu thic diéu kien F duge viét lai. Gia s,
trong trusng hop cac vi tit 1ong trong biéu thitc diéu kien E chiia cac dusng dan chong lap,
trong vi du nay path, patho 13 hai duong dan chong lap, gid sit hai chi muc long duge lap
cho pathy, paths tuong tng 1a N1 (pathi) va NI (paths). Lic nay dé udc lugng dicu kien chita
hai vi tit 1ong tuong duong véi viée truy cap va duyét trén hai chi muc long N1(pathy) va
NI(paths). Bay gio néu ta tién hanh cat duong dan pathy va paths thanh cac duong dan con
va tién hanh 1ap chi muyc long trén cac duong dan con nay, trong dé c¢6 mot duong dan con 1
dudng dan con chung ctia hai dudsng dan pathi, paths. Lic nay dé wéc lugng diéu kién chita
hai vi tir long tuong duong vdéi viec truy cap va duyeét trén cac chi muc long ting véi cac dudng
dan con. Vay, van dé dat ra 1a: liéu sau khi cdt thanh cic duong dan con thi chi phi wdc lugng
6 tot hon khong? va lam cdch nao dé tién hanh cdt va to chic lai chi muc long sao cho chi
phi wde luong diéu kién la thdap nhat trong truong hop tong qudt?

Sau day ching to6i dé xuat phuong phap dé giai quyét cac van dé nay mot cach tbi wu.
Giai phap ctia ching toi dé xuat gom hai giai doan:

e Giai doan 1: Viét lai biéu thitc diéu kien E bing cach phan tich E thanh cac thita so.

e Giai doan 2: To chiic lai chi muc déi véi cac duong dan chdng lap xuat hién trong cac
vi tit 1ong ctia E sau khi viét lai.
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3.2. Viét lai biéu thic diéu kién

C6 nhiéu luge dd thye thi chi muc khac nhau c¢6 thé cho cing mot biéu thite diéu kien
truy van, phu thudc vao cac dang viét lai ciia né. Biéu thiic diéu kien dude xem nhu 1a mot
biéu thitc dai s6 Boolean. Do do, ta c6 thé sit dung cac phuong phép dai sé dé thyc hieén t6i
wu trén né. C6 thé hinh dung ring dang tot nhat ciia biéu thitc Boolean la sit dung it nhat
s cac vi tit. K§ thuat dé cuc tiéu téng sb cac vi tit trong biéu thiic Boolean 1a phan tich biéu
thite diéu kién thanh cdc thia so [6]. Muc dich ctia phan tich thanh thita s6 14 viét lai biéu
thitc da cho sao cho tdng s cac vi tit trong biéu thitc viét lai 1a it nhat.

w
or
and ~ T~ or — M / \ M
A | | Mg | ™ | T
a h & a h d  NIlpathy) MNI{pathy) HNI(paths) Mi(path;y NI(pathy) MNIpaths)

(a)
and 2
N
a/ b c’/\“d MICpathy) Ni(pathy)  MI(paths) MI{pathy)
)

Hinh 3.2. Lude do thuc thi chi muc ctia céc biéu thitc diéu kién tuong tng

Vi du 3.2 Xét diéu kién tim kiém trong Vi du 3.1 (gid st # and y viét thanh xy, x or y viét
thanh = + y):

E=(a and b and c¢) or (a and b and d)= abc+ abd

Ta ¢6, luge do thye thi biéu thitc £ nhu 6 Hinh B:2)(a), trong luge do nay chi muc NI (pathq)
va NI(paths) duge truy cap lap lai 2 lan. Dé cue tiéu s6 lan truy cap chi muc, biéu thic E
c6 thé duge viét lai tuong duong thanh ab(c + d). Luge do thyce thi bi¢u thic viét lai nay
duge cho trong Hinh B2I(b), luge d6 thye thi nay tiét kiem duge 2 lan truy cap chi muc trén
NI(pathy) va NI(paths).

Tuy nhién, van dé téi wu cac biéu thitc diéu kién tim kiém trong truy van 1 phiic tap hon,
vi chiing con ¢6 cac chi phi khac két hop véi méi vi tit, nhu chi phi truy cap, hop va giao chi
muc. Vi vay, biéu thitc viét lai tot nhat c6 thé khong nhat thiét phai luén chita it nhat cac vi
tit 1ap lai. Vi du, xét biéu thitc ab + ac, bicu thiic nay c6 thé duge viét lai thanh a(b+ ¢), néu
xét vé s6 lan truy cap chi muc trén cac vi tit thi biéu thiic sau khi viét lai nay tiét kiem duge
mot lan truy cap chi muc trén a va thyc hién it hon mot lan phép giao chi muc. Tuy nhién
diéu kien ban dau c6 thé tot hon néu kich thudc (danh sach cac dinh danh déi tugng OID)
trd vé bdi b + ¢ 16n hon tra vé béi a.

Dé phan tich bicu thitc dicu kién E thanh céc thita s6, truée tien phai chuan héa E thanh
dang chuan tuyén DNF, sau d6 viét lai E thanh dang D.Q + R, trong d6: DN Q = ¢ va D
duge goi 1a s6 chia, Q 1a thuong va R 13 phan du.

Van dé quan trong can giai quyét ¢ day la, néu cho trude mot biéu thite didu kien E thi
E ¢6 thé duge viét lai dudi nhiéu dang khac nhau sau khi phan tich thanh cac thita s6 dua
trén co s cac s6 chia D tim dude. Vi du, xét biéu thitc didu kien F = ac + bc + ad, E c¢6 thé
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duge viét lai thanh E = a(c + d) + be hodc E = c(a + b) + ad. Vay, trong truong hop nay la
chon dang viét lai nao? Viéc chon dang viét lai ndo phu thuoc vao cac sé chia tim duge va dé
chon s6 chia nao ta dya vao cac tiéu chi sau day: tiét kiem duge chi phi truy cap, hop/giao
chi muc va chi phi Iuu trit két qua trung gian. Cac s6 chia théa man muc tiéu nay duge goi la
50 chia chat luong.

Chéat Iugng s6 chia cho phép ta dé dang chon lya giita cic s6 chia khac nhau va ti do6
quyét dinh dang viét lai ndo duge chon. Dé dinh nghia chat lugng s6 chia, Chaudhuri [5] da
dinh nghia ham Gain dé do chat lugng ctia s6 chia dua trén céc chi phi tiét kiem duge.

Khong mat tinh tong quat, gid sit ta xét biéu thic dicu kien: axy + axs + ... + az,, bicu
thitc nay dugce viét lai thanh: a(zy + 29 + ... +x,,), tit bicu thiic viét lai nay ta c6 the do duge
chat Iugng clia s chia a nhu sau:

Gia stt I 1a s6 cac dinh danh déi tugng OID tim thay dugce trong tép chi muc théa man
vi tit ¢, phép hoi ax; duge uée lugng bang cach giao cidc danh siach dinh danh OID tim thay
duge tng véi cac vi tit 2; va a. Khi do, chat lugng ctia s6 chia a dude bicu dién qua ham G

sau:
n

G=mn-1)(k+Dla— Y (o — laz) (3.1)

i=1

trong do6: k la ti 1é gitta chi phi phép giao cdc danh sach chi muc va chi phi truy cép cac bo
trén dia; [, s6 cac dinh danh d6i tugng thoa méan vi tit a; lg,, $6 cac dinh danh ddi tugng thoa
man vi tit hoi az;; > i, Iy, s6 cdc dinh danh d6i tugng théa man vi t tuyén z1 +x+ ... + 2.
S6 hang dau tién trong cong thic ([B.I) 1a chi phi tiét kiem dat duge tit viec tranh truy
cap lap lai d6i véi chi muc trén a; s6 hang thit hai biéu dién chi phi phai tra trong viéc ting
chi phi hgp chi muc va l¢i ich clia viéc gidm s6 cac phép giao chi muc.
Ham G trong cong thiic (3.I) phan anh mic do hi¢u qua clia s6 chia a, hay néi cach khac
G uée lugng mot cach dang ké tong chi phi tiét kiem duge, nhu chi phi truy cap, luu trit, hop
va giao chi muc. Tit day, chiing to6i dé xuat thuat toan viét lai tong quat biéu thic diéu kien
E dua trén chat lugng s6 chia tim duge (nghia 14, s6 chia ¢6 ham G tuong ting dat cuc dai)
tit biéu thic diéu kien E cho trude.
Thuat toan 1. Viét lai bicu thitc didu kién E c6 tong chi phi thie thi thap nhat
Input. Biéu thiic E é dang chuan tuyén DNF.
Output. Biéu thiic viét lai ctia E c¢6 tong chi phi thie thi thap nhat.
Method.
Function Rewrite(E){
(1). D = tap tat ca cac sb chia trong E;
(2). If D = ¢ Then Return E;
(3). Tim s6 chia D; trong D c¢6 ham G tuong ting dat cyc dai.
(4). Viét lai E thanh dang D;.Q + R;
(5). Return D;.Rewrite(Q) + Rewrite(R);
}

Dinh 1y 3.1. Thudt todin 1 ding va ding ddan, nghia la né trd ve biéu thic viét lai cé tong
chi phi thdap nhat.

Ching minh.
1. Chitng minh tinh dimg: thuat toan ding khi E khong con sb chia.
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Hai nhom téc gia R. K. Brayton [3] va Tsutomu Sasao [6] da dé xuat mot s6 phuong
phap heuristic dé tim s6 chia D;, s6 chia D; c6 thé duge tim tir:

- Mot vi tur bat ky lap lai it nhat & trong hai khéi ctia E.

- Biéu thiic chita cac vi tir lip lai.

Ta thay sau moi buée lap E dude viét lai thanh D.Q + R, sau d6 Q, R dudc goi dé quy
dé tiép tuc phan tich ching thanh cac thita s6. Vi vay, thuat toan luon két thuc khi biéu
thitc E khong c6 bat ky vi tit lip lai it nhat & trong hai khéi ctia E va khong chita biéu thitc
gom cac vi tir lap lai.

2. Chitng minh tinh ding din clia thuat todn: ta can chitng minh thuat toan tra vé biéu
thiic viét lai c6 tong chi phi thap nhat.

That vay, gia st chi phi thuc thi ctia biéu thic diéu kien F duge ky hieu la F.cost,
soChiaChatLuongN hat 1a sb chia trong D tim dugc trong bude (3) (c6 ham Gain tuong
ing dat cyc dai) va luon thoa man bat déng thic:

[soChiaChatLuongN hat.QQ + R).cost < [D;.Q" + R'].cost < E.cost,YD; C D
miit khac, sau mdi bude lip ta ludn co:

[soChiaChatLuongN hat. Rewrite(Q) + Rewrite(R)].cost <
[soChiaChatLuongN hat.QQ + R].cost

Vi vay, luge do thuc thi dua trén biéu thiic viét lai cudi cling sé c6 chi phi thap nhat m

Vi du 3.3 Cho biéu thiic diéu kien E = ace + ade + bce + bde + cf + df. Tim dang viét lai
cua F.

- Ta ¢6 tap cac s6 chia: D = {a + b, c + d}

- Néu viét lai E st dung s6 chia a + b ta dudge (a+ b)(c+d)e+ (¢ +d) f, con néu sit dung
s6 chia ¢+ d ta duge (¢ + d)((a+ b)e + f). Néu chon s6 chia ¢ + d ta tiét kiem duge 10 lan
truy cap chi muc, trong khi véi biéu thitc didu kien E ban dau phai thiyc hién 16 lan truy cap
chi muc.

3.3. Tb chiic lai chi muc

Sau khi bi¢u thitc dicu kien E duge t6i wu bing cach viét lai, chiing téi tiép tuc phan tich
chi phi uéc lugng trén cac chi muc 1dng clia cac dudng dan trong biéu thitc viét lai, dat biet
1 céc dudng dan chong lap, sau d6 dé xuat giai phap to chiic lai chi muc 1déng sao cho hiéu
qua hon.

Xét hai duong dan Py = Cy.A1.Ag.... Ay, v Py = Cy AL ALLAL (n > 2 vam > 2), ca
hai duong dan c6 cing 16p goc 1a Cy. Gia sit cac 16p két hop véi ching la:

class(Py) = {Cy,Cy, ..., Cy}, class(P2) = {C1, C, ..., CI }.

Chiing ta xét truy van vdi hai vi tit: pred,, trén thuoc tinh long A,, va pred,, trén thuoc
tinh 1ong A’,. Bay git chiing t6i tién hanh phan tich va to chiic lai cac chi muc long trén hai
dudng dan P; va P, sao cho cuc tiéu dudce chi phi truy cap va duyét trén né trong trudng hop
Py, P, chong lap.

Dinh nghia 3.1. Cho hai biéu thtic duong dan P, = C1.A4;... A, vA Py = C1.A)...A] | hai
dudng dan Py va P, duge goi 1a chong 1ap néu ton tai j < min(n, m) sao cho: 4; = AL(1 <
i <j)vaA; #A néui>j.
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Vi du, hai biéu thitc dusng dan:

SINHVIEN.thuocLop.khoaHoc va SIN HVIEN.thuocLop.banCanSu.gioiTinh
14 hai duong dan chong lap va c6 j = 1.

Trong cac truong hop trude chung ta xét cac duong dan véi cac chi muc long tuong
tng duge xac dinh trén toan bo dusng dan. Tuy nhién, véi mot sé truy van, né cé thé
duge uée lugng véi chi phi hieu qua hon néu cit duong dan thanh nhiéu duong dan con
v6i cac chi muc long dude lap trén cac dudng dan con nay. Vi du, cho duong dan P =
SINHVIE N.thuocLop.thuocK hoa.truong K hoa.gioil'inh c6 thé duge cat thanh hai dudng
dan con nhu sau:

P! = SINHVIEN .thuocLop.thuocK hoa va P? = K HOA.truongK hoa.gioiTinh.

Ngit nghia ctia hai dudng dan nay nhu sau: P! ting v6i méi khoa tim dudc c6 tap cac sinh vién
tuong ting thuoc khoa nay; P? ting v6i mdi gia tri cia gioitinh sé ¢6 tap cac khoa cé trudng
khoa c6 gidi tinh tim dugc tuong ting. Trong trudng hop nay néu cau truy van c6 dang:Liét
ké danh sdch sinh vién thudc khoa cé truong khoa la nt, sé duge xit Iy nhu sau:

- Chi muc 16ng duge dinh nghia trén P? dude truy cap dé xac dinh tat ca cac khoa c6
trudng khoa la nt.

- Chi muc trén P! dugc truy cap dé xac dinh tit ca cac sinh vién thuoc vé khoa nao dé
dugce tra vé béi chi muc tim kiém trén P2.

Trong trudng hop tong quat, xét hai dudng dan c6 chong lap Py = C1.A1. As.... . Aj. Ajr.... Ay
va P = Cl.Al.Ag ..... Aj'A;'—I—l ..... A;n Giad s P dU.’OC cat thanh Pll = Cl.Al.Ag ..... A
P12 = Cj+1.Aj+1 ..... An va Py dU.’OC cat thanh P21 = Cl.Al.Ag ..... Aj7 P22 = Cj+1.A;+1 ..... Al
Khi d6, ta c6 Pl = Py va P}, P§ la hai duong dan khong chong 1ap, Cj41 dude goi la 16p cit.

Khong mat tinh tong quat, ching toi gia thiét rang chi phi duyét chi muc bing véi chi
phi truy cap cac ban ghi mat 14 ctia tap tin chi muc. Véi chi muc long NI(P) ctia duong dan
P =C.A;.Ay..... A, gid sit gia tri clia cac tham s6 kl, ol 1a khong dang ké so véi kich thudc
cia ban ghi chi muc X. Ta c¢6, chi phi duyét chi muc long ting khi kich thuée ban ghi nut 14
tdng va l6n hon kich thude cua trang dia. Khi kich thuée ban ghi nhé hon kich thuée trang
dia thi chi phi truy cap la hang s6. Vi vay, ta chi xét chi phi duyét chi muc NI(P) khi kich
thuée ban ghi 16n hon kich thudc trang dia. Nhom téc gia E.Bertino va W.Kim [I] chi ra rang,
chi muc long ¢6 thoi gian truy cap 1a hang néu []; k; < 500, nguge lai thoi gian truy cap
a: [h+ [ ki/500]. Vay, dé don gidn va khong mat di tinh tong quét ching ta xét chi phi
truy cap va duyét chi muc long la:

NIA(P)=h+ ﬂ k:/500 (3.2)
=1

Bay git chiing ta xét tat ca cac truong hop cé thé x4y ra khi uée lugng céc truy van trén
P1 va Pg.
- Truong hop 1: Cac duong dan P; va P, khong dugc cat. Khi do6, viec ude lugng truy van
dugce thye hién trén trén hai tép chi muc long tuong tng ctia P; va P,. Trong trudng hop nay
ca hai vi tir long duge uée lugng bang cach st dung céc tép chi muc va sau dé giao/hop hai
két qua tim kiém tit hai chi muc tuong ting nay lai. Chi phi uéc lugng trong truong hgp nay
la:

cost([INI(P), NI(P,)]) = NIA(P,) + NIA(Py) (3.3)
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- Truong hgp 2: Dudng dan Py khong dugc cit, duong dan P, dugc cit thanh: Py =
Cy. A1 Ag.... . Aj va P} = j+1-A;'+1 ..... A! . Chién luge nay tuong tu nhu trudng hop 1, chi
khac 1a viec ude lugng vi tit trén thuge tinh long A/ yéu cau st dung hai chi muc. Chi phi
uée lugng trong trusng hop nay la:

cost((INI(Py), NI(Py), NI(P3)]) = NIA(Py) + NITA(P3) + card(P§) x NITA(Py) (3.4)

trong do:

card(Py) = H k!
i=j+1

1a 86 cac thé hien ctia 16p Cj41 dudce tra vé it viec tim kiém tren chi muc 1ong clia dudng dan
P3.

- Truong hgp 3: Cac duong dan Py va P, déu duge cat thanh cac duong dan con. Trong trudng
hop nay cac chi muc long duge lap trén cac duong dan con sau:

Pll = Cl.Al.Ag ..... Aj7 P12 = Cj+1.Aj+1 ..... An va P22 = Cj+1. ;»_1_1 ..... A/

Viéc uée lugng truy van bao gom cac buée sau:

Bude 1: vi tit long trén thuoce tinh A7, duge ude lugng doi véi 16p cdt Cj4q bang cach si
dung chi muyc 1ong dugc sit dung trén dudng dan PZ. Tuong tu, vi tit 1ong trén A,, duge wdc
lugng déi véi 16p cat Cj4q bang cach sit dung chi muc 1ong duge dinh nghia trén PZ.

Budc 2: Cac két qua ciia hai tim kiém chi muc trong Bude 1 duge giao (hop), tao ra tap
két qué Result gdbm cac d6i tugng (OID) ctia Cj4q théa man dicu kien ctia truy vén. Ung véi
moi doi tuong trong Result mot tim kiém dude thire hién trén chi muc long da dinh nghia
trén duong dan P. Cac tim kiém chf muc xac dinh cac déi tugng ctia 16p Cy c6 ciing gid tri
v6i thuoc tinh 1ong A; trén cac phan tit clia tap Result. Tap cac do6i tugng ctia 16p C; da tré
ve béi cac tim kiém chi muc 1a tap cac doéi tugng cudi cling thoa man truy van.

Chi phi u6c lugng trong truong hgp nay la:

cost([NI(P}), NI(P}), NI(P5)]) = NIA(P?) + NIA(P3) + card(Cj1) x NTA(P}) (3.5)

trong do: card(Cj11) la sd cac d6i tugng cta 16p Cjyq théa man dong thoi hai vi tit long
pred,, va pred,, néu hai vi tit ndm trong phép hoi va théa man hodc vi tit long pred,, hoac
pred,, néu hai vi tit ndm trong phép tuyen.

Vay, van dé dit ra trong trudng hgp nay 1a: khi nao thi cat mot duong dan ban dav thanh
nhiéu duong dan con roi lgp chi muc long tuong wng trén né. Vi doi khi viec cit duong dan
ban dau thanh cac dudng dan con c6 thé co chi phi uéc lugng khong tét hon ban dau. Diéu
nay duge khang dinh qua cac Dinh 1y B:2) Dinh ly [3.3] v& Dinh 1y B.41

Dinh 1y 3.2. Cho hai duong dan chong lap Py va Py. Ta luon co:

cost([NI(Py), NI(P}), NI(P3)]) > cost([NI(Py), NI(P)))
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Chiing minh. T céc cong thiic tinh chi phi (83]), (3:4) cho trong céc trudng hgp 1 va trudng
hgp 2, ta c6:

m J
card(P§) x NIA(Py) = [ ¥ x (h+ ][] k:/500)
i=j+1 j

m 7 m
= n [ ¥ +]I* [ */500

i—j—l—l i=1  i=j+1

= h H k’+Hk/500

= j—l—l

NIA(P) = h+Hl<:;/500
Vi [T 0 ki > 1 nén A[Z ki > h, suy ra:

card(P3) x NTA(P}) > NTA(P,)
nén tir day ta cé: cost([NI(Py), NI(P}), NI(P2)]) > cost(NI(P;), NI(P,)) |

Nhan xét: Dinh 1y B2 khing dinh ring néu duong dan P; khong duge cit thi duong dan P,
ciing khong nén dugce cit, vi néu cat thi chi phi uée lugng sé 16n hon ban dau.

Dinh 1y 3.3. Cho hai duong dan chong lap Py va Py. Gid st hai duong dan nay cé 16p cdt
la Cjt1, hai vi t& long tuong tng trén Py va Py nam trong phép hoi, dé co:

cost([NI(P}), NI(P?), NI(P3)]) < cost([NI(Py), NI(P)])
thi dieu kién sau phdi théa:
Ja, B >0, sao cho: ki x ... x kj > (a + f+ 500ah/D;,) /(e + 8 — o/ D},)
Chitng minh. Ta c6 cong thic tinh chi phi chi tiét cho timg truong hop nhu sau:
cost([NI(Py), NI(P)]) NIA(Pl) + NIA(P,)

= 2h+Hl<: H I<:/500+Hl<: H k. /500

=1 i=j+1 =1 i=j+1
cost([NI(P}), NI(P}),NI(P3)]) = NIA(P?)+ NIA(P;)+ card(Cj41) x NIA(P})

= 2h+ ﬁ k;/500 + ﬁ k! /500

=741 =741
n J
+ [ *i/Ds, x (J] *:/500 + 1)
i=j+1 i=1

trong do:

card(Cji1) H ki/D.,
i=j+1
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(D, so cac gia tri phan biét trén thudc tinh long A;,).
Néu dat a = [T/, ki, b= [[};, ki, c = [[}Z;,, k] thi ta thay luon
da, 8> 0:b=aa,c= Ga.

Khi dé:
cost([NI(Pl), NI(P}), NI(P})]) < cost([NI(Py), NI(P,)])
& 2h 4 b/500 + ¢/500 + b/ D!, (a/500 + h) < 2h + ab/500 + ac/500
& aa/500 + Ba/500 4+ aa/D!, (a/500 + h) < a®a/500 + a?3/500
& aa/500 + Ba/500 + aa? /500D + aah/D!, < aa®/500(a + )
& a/500(a+ B + 500ah/DL,)/ < a®/500(a+ 3 — a/D),)
& a> (a+ B3+500ah/D.)/(a+ B —a/D.)
&k X ... x kj > (a+ B+ 500ah/D.)/(a+ 3 —a/D,,)

Nhan xét: Dinh 1y 3.3 khang dinh ring cac dudng dan chong lap P; va P, chi nén cit thanh
cac duong dan con va lap chi muc 1ong tuong ting trén né khi tich cic bac chia sé tham chiéu
trén duong dan con chung la du 16n.

Dinh ly 3.4. Cho hai duong dan chong lap Py va Py va gid st hai dudng dan nay cé 16p cit
la Cjy1. Néu hai vi t long pred, va pred,, tuong ing trén Py va Py nam trong phép tuyén
va két qud tim kiém trén hai vi long pred,, va pred,, doi vdi ldp cat Cj1q la khong giao nhau
thi ta luon co:

cost([NI(P), NI(P?), NI(P§)]) > cost([NI(Py), NI(Py)])
Chitng minh. Ta c6 cong thiic tinh chi phi chi tiét cho timg truong hop nhu sau:
cost([NI(Py), NI(P)]) = NIA(P))+ NIA(P,)

J n J m
= 20+ [k ] kes500+ [k T /500

i=1  i=j+1 i=1  i=j+1

cost([NI(P}), NI(P?), NI(P3)]) NIA(P}) + NIA(PS) + card(Cj41) x NITA(P})

= 2h+ ﬁ k; /500 + ﬁ k! /500

=741 =741
n m J
+(C [T B+ T #0) > (] ki/500 + h)
i=j+1 i=j+1 i=1

trong do:

card(Cji1) = ﬂ k; + ﬁ k!

i=j+1 i=j+1



TOI UU BIEU THUC DIEU KIEN TIM KIEM ... 21
= _T1J _ n _ m / s o3z 2.
Dat a =[[i_; ki, b= [[;;41 ki c = [[;2;41 K;- Khi d6, ta co:

cost([NI(Pl), NI(P}), NI(P})]) 2h +b/500 + ¢/500 + (b + ¢)(a/500 + h).
cost((NI(Py),NI(P)]) = 2h+ ab/500 + ac/500.

Suy ra:

cost([NI(P}), NI(P?), NI(P3)]) — cost([NI(Py), NI(P)]) = (b+ ¢)(h+1/500) > 0
hay:

cost([NI(P}), NI(P2), NI(P3)]) > cost([NI(Py), NI(P)]) [

Nhan xét: Dinh ly B.4] khang dinh ring céc dusng dan chdng lap P; va P, khong nén cit
thanh cac duong dan con va lap chi muc long tuong ting trén chtung, khi két qua tim kiém ctia
cac vi tu long pred,, va pred,, trong phép hoi 1a khong giao nhau.

and “
a/ b c’/\\d MICpathy) Nl(pathy)  NI(paths) MI(pathy)

Hinh 3.3. Lugc do thuc thi chi muc ctia biéu thic diéu kién E sau khi viét lai

Vi du 3.4 Xét biéu thiic dicu kien duge cho nhu trong Vi du 3.1: E = abc + abd. Dé t6i uu
hoa biéu thitc didu kien nay ta lan luge thuc hién theo hai giai doan nhu sau:

- Giai dogn 1: Viét lai biéu thiic diéu kién F, ta duge E = ab(c + d). Lugc do thyc thi chi
muc biéu thitc diéu kien sau khi viét lai nay dude cho trong Hinh 3.3

- Giai dogn 2: Xét hai vi ti a, b, gia st hai vi tit nay chia cac duong dan pathq, paths chong
lap, v6i j = 1 va c6 16p cat 1 LOP théa man diéu kién trong Dinh 1y B3l Lic do6 luge do
thye thi duge cho nhu trong Hinh B.41

Lic nay qua trinh thuyc thi truy van duge thyc hién qua cac buée sau:

Budce 1: Tim 16p hoc (OID) hoc khoa 2005-2010" tit tép chi muc long 1ap trén duong dan
LOP.khoaH oc, tim 16p hoc (OID) ¢6 ban can sy 16p 14 ni’ tit tép chi muc 1ong lap trén duong
dan LOP.banCanSu.gioiTinh. Giao hai két qua tim dugc va dua vho Result

Budc 2: Ung véi mdi déi tuong 16p trong Result, tién hanh tim kiém tren chi muc duge
lap béi duong dan SINHVIEN.thuocLop dé xac dinh cac doi tugng sinh vien c6 16p tuong
ting trong Result.

™

and /ang\‘ or = / \

e “\b . / \d NI(SINHYIEN thuocLop) /

m NISINHVIEN. thuocLop. thuocKhoa truongKhoa gioiTink)  NI{SINHVIEN. thuocLop. chubhi et namSinh)
T T
NI{LOP khoaHoc) NI(LOP banCanSu. gioiTinh)

Hinh 3.4: Lugc do thuc thi chi muc ctia biéu thic diéu kién E sau khi duge t6 chic lai chi
muc
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4. KET LUAN

Bai bao da tap trung nghién citu va dé xuat phuong phap tbi utu cac bicu thitc diéu kieén
tim kiém gdm céc vi tit 1dng phic tap trong cac truy vain CSDL HDT. Y tudng chinh cia
phuong phap 1a dya trén ki thuat giao, hop clia cac chi muc, ching toi da dé xuat thuat toan
nhim muc dich viét lai biéu thiic diéu kieén tim kiém phtic tap vé dang don gian va c6 chi phi
thic thi thap hon. Ngoai ra, chiing toi ciing da tién hanh phan tich va dé xuat cach t6 chiic
lai chi muc 1dng déi vé6i cac duong dan chong lap xuat hién trong cac vi tit ctia biéu thiic didu
kién sau khi viét lai dita vao cac phan tich chi phi, nhim gidm thiéu t6i da chi phi truy cap
va duyét chi muc.

Uu diém ctia phuong phap da dé xuat trong bai 1a cho phép t6i wu cac biéu thitc diéu kién
tim kiém bat k¥ bang cach tao ra cac luge do thiie thi c6 cac phép hop va giao chi muc, khac
v6i k¥ thuat ctia nhom tac gid Wan-sup Cho [7] chi t6i wu cac biéu thitc diéu kien tim kiém &
dang hoi, nghia 1a bicu thiic didu kien chi chita phép toan AND.
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